The Effects of Astragalus sp/ Euphorbia Cheriradenia Honey Supplementation on acute exhaustive exercise on Lipid Peroxidation of liver after a Bout Acute Exhaustive Treadmill Exercise in Rats by Goodarzi, Bijan & Khosravi, Amir
Asian Journal of Multidisciplinary Studies  Available online at www.ajms.co.in 
Volume1, Issue 4, November 2013    
ISSN: 2321-8819 
 
 171 
The Effects of Astragalus sp/ Euphorbia Cheriradenia Honey 
Supplementation on acute exhaustive exercise on Lipid Peroxidation of 
liver after a Bout Acute Exhaustive Treadmill Exercise in Rats 
Bijan Goodarzi
1
, Amir Khosravi
2 
1
Islamic Azad University, Boroujerd Branch, Boroujerd, Lorestan, Iran.
 
2
 University of Ayatollah Alozma Boroujerdi, Boroujerd, Lorestan, Iran.  
 
Abstract: The purpose of the present study was to investigate the effects of 
honey, at a dose (1.5 g/kg weight per d) on the MDA and SOD levels of liver in 
rats after exhaustive exercise. Male rats (n=48) were divided into four groups, 
group1, sedentary with distilled water (Sed -DW n=12), group2, sedentary 
control with honey (Sed-H N=12), group3, exercise trained with distilled water 
(ET-WD n=12), group4, exercise trained with honey (ET- H n=12) groups. Four 
groups were further divided equally into two groups where the rats were studied 
at rest and immediately after exhaustive exercise. During the training period, 
groups2‚4 were treated with 1.5 g/kg body weight honey was freshly diluted by 
distilled water to 50% and other groups 1‚3 treated with distilled water (1 ml) just 
before each administration intragastrically tube daily at 8:00 to rats / once daily 
for 8 weeks. Endurance training consisted of treadmill running 1.5 h day
-1
, 5 days 
a week for 8 weeks, reaching the speed of 2.1 kmh
-1
 at the fourth week. For acute 
exhaustive exercise, graded treadmill running was conducted reaching the speed 
of 2.1 km h
-1
 at the 95
th
 min, 10% uphill, and was continued until exhaustion. 
Liver MDA level was significantly increased after exhaustion in groups 1‚3 but 
not in groups 2‚4 animals compared with the corresponding sedentary rest. 
Honey treatment caused a significant decrease in MDA levels of groups 2‚ 4 
compared the groups 1‚ 3 animals. While acute exhaustive exercise decreased 
liver SOD activity in subgroups 1‚ 3 rats, it increased the activity of this enzyme 
in groups 2‚ 4 rats .Treadmill training increased the endurance time in trained rats 
compared with sedentary rats. The results of this study suggest that honey 
Supplementation may be useful to prevent acute exhaustive exercise-induced 
oxidative stress in liver by up-regulating some of the antioxidant enzyme 
activities and may have implications in exercising humans. 
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Introduction 
It is well documented that regular exercise 
has many health beneficial effects 
including improvement of antioxidant 
status in liver (Khan, et al., 
2012)However, acute bout of exhaustive 
exercise can produce a large quantity of 
reactive oxygen species (ROS) ( Davies, et 
al., 1982) In addition to the augmented 
mitochondrial respiration, activated 
xanthine oxidase (XO) is an another 
source for free radicals/ROS generation "( 
Viña, et al., 2000)ROS are scavenged by a 
sophisticated antioxidant defense system, 
which includes enzymes, superoxide 
dismutase (SOD), catalase (CAT) and 
glutathione peroxidase (GSH-Px), and 
non-enzyme glutathione (GSH) ( Huang, 
et al., 2009) However, when ROS exceeds 
the normal physiological coping range 
during exhaustive exercise, accumulation 
of ROS and decrease in antioxidant status 
could be resulted. This scenario increased 
oxidative stress and leads to modification 
of lipid and protein structures that 
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consequently compromises the cellular 
functions in liver ( Viña, et al., 2000) The 
metabolic adaptations to exercise are not 
restricted to the working muscle; exercise 
is also a major challenge to other organs 
such as cardiac muscle, stomach or brain ( 
Cakir , et al.,  2010) This is particularly 
relevant to the liver due to its central role 
in the maintenance of energy supply to the 
exercising muscle ( Hoene , et al., 2010)  
Studies aiming to evaluate the effects of 
the acute exercise on oxidative stress in the 
liver have shown increased lipid 
peroxidation ( Gul M, et al.,  2002 and 
protein carbonylation ( Korivi , et al., 
2012) and decreased antioxidant defenses 
(Leeuwenburgh , et al., 1995)The 
reduction of the negative effects of 
exercise resulting from oxidative damage 
would enhance the benefits of exercise. 
Supplementing with antioxidants is a 
possible means of reducing exercise-
induced oxidative damage. honey has been 
found to contain significant antioxidant 
compounds including glucose oxidase, 
catalase, ascorbic acid, flavonoids, 
phenolic acids, carotenoid derivatives, 
organic acids, maillard reaction products, 
amino acids and proteins (Beretta et al., 
2005).The phenolic compounds 
contributed significantly to the antioxidant 
capacity of honey (Gheldof et al.,  2002). 
Flavonoids can prevent injury caused by 
free radicals in various ways. Include is 
the direct scavenging of free radicals 
(Korkina and Afanas,1997)inhibit nitric 
oxide (van Acker et al., 1995)inhibit 
xanthine oxidase activity (Shoskes, 
1998)immobilization and firm adhesion of 
leukocytes to the endothelial, for the 
formation of oxygen-derived free radicals 
(Friesenecker et al., 1994) and finally act 
is through interaction with various enzyme 
systems (Ferrandiz and Alcaraz, 
1991).Antioxidant activity of natural 
honey was previously reported by many 
researchers. In the first one, the trial 
persons were given maize syrup or 
buckwheat honeys with a different 
antioxidant capacity in a dose of 1.5 g/kg 
body weight. In comparison to the sugar 
control, honey caused an increase of both 
the antioxidant and the reducing serum 
capacity (Schramm et al., 2003). In the 
second study humans received a diet 
supplemented with a daily honey serving 
of 1.2 g/kg body weight. Honey increased 
the body antioxidant agents: blood vitamin 
C concentration by 47%, β-carotene by 
3%, uric acid by 12%, and glutathione 
reductase by 7% (Al-Waili, 2003). 
However, there is no report regarding 
antioxidant effects of chronic oral 
administration of natural honey against 
oxidative stress in liver induce of 
exhaustion exercise, Therefore, in the 
present study, effects of chronic 
administration of oral honey on liver 
oxidative changes induced by a bout acute 
exhaustive aerobic exercise were 
investigated in wistar rat. 
MATERIALS AND METHODS 
Animal care 
Male Wistar rats weighing 210–275 g (n = 
48, 12 weeks old) were purchased from 
Razi Vaccine & Serum Research Institute 
and were used in this study. all rats were 
housed in conventional wire-mesh cages 
four rats per cage in room with the 
temperature regulated at 23 ±2°C, 
humidity 50-45% and in daily light dark/ 
cycle (12h) (0700-1900 h dark; 1900-0700 
h light) ,given standard rat chow and tap 
water ad libitum .All procedures were 
approved by the Tehran University Animal 
Care and Usage Committee and followed 
the guidelines established by American 
Physiological Society.  
Experimental design 
The animals were housed for one week 
prior to any special treatment. In the 
second-week all the animals were 
randomly divided mainly into four groups, 
group1, sedentary with water (Sed -DW 
N=12), group2, sedentary control with 
distilled honey (Sed-H n=12), group3, 
exercise trained with distilled water (ET-
WD n=12), group4, exercise trained with 
honey (ET- H n=12). Four groups were 
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further divided equally into two groups 
where the rats were studied at rest and 
immediately after exhaustive exercise. 
During the training period, groups2‚4 were 
treated with 1.5 g/kg body weight honey 
was freshly diluted by distilled water to 
50% and other groups 1‚3 treated with 
distilled water (1 ml) just before each 
administration intragastrically tube daily at 
8:00 to rats / once daily for 8 weeks . The 
two hours after administration, the animals 
in the groups3, 4 were run on the treadmill 
5 days a week for 8 weeks. Experiments 
were started between 10:00 and 12:00 h. 
Training and Acute Exhaustive Exercise 
After divided the acclimate the groups 
(ET) rats to treadmill exercise through the 
use of one 15-minute running session on a 
rodent treadmill at a speed of 10-15 m/min 
and a 0° grade (1 session a day‚ 5 
days/week). The treadmill was equipped 
with an electric shock grid on the rear 
barrier to provide exercise motivation to 
the animals. Exercise trained began with 
gradual increases in training speed and 
time such that rats were running 2.1km h
-1 
 
at the fourth week. Training continued for 
1.5 h day
-1
, 5 days a week for 8 weeks. 
During the eighth week of the training 
program, the groups (Sed) was also 
accustomed to treadmill running at 1.0–1.2 
km h
-1
,for 15 min day
-1
, for 5 days before 
sample collection. This regimen was used 
to ensure that untrained rats could also 
tolerate the acute exhaustive exercise 
without having a significant training effect 
(Sen et al., 1992).At the end of the training 
period and after After 3 days at rest , half 
of the all rats were randomly selected into 
the acute exhaustive exercise group(each 
group N=6 ‚ totality N=24). In acute 
exhaustive exercise, running speed was 1.2 
km h
-1
 (10% uphill gradient) for the first 
10 min; after that the speed was increased 
gradually to 2.1 km h
-1
at the 95th min, and 
kept constant until the rats were exhausted. 
The loss of the righting reflex when the 
rats were turned on their backs was the 
criterion of exhaustion. To eliminate 
diurnal effects, the experiments were 
performed at the same time (10.00–12.00 
hours). Immediatry after exhaustion 
exercise, all rats were anesthetized and 
then liver was removed and stored at –
70°С.The other half of the all rats (N=24) 
were anesthesia immediately before the 
acute exhaustive exercise then liver were 
obtained the same program. These samples 
were used for the measurement of lipid 
peroxidation, and antioxidant defense 
system of livers. 
Determination of erythrocyte 
malondialdehyde (MDA) level, and the 
activities of SOD 
Lipid peroxidation was estimated by 
measuring TBARS according to the 
method of Ohkawa et al. [40,41]. In this 
method, malondialdehyde (MDA), an end 
product of fatty acid peroxidation, reacts 
with thiobarbituric acid (TBA) to form a 
colored complex. In brief, the supernatant 
fraction of liver mitochondria was 
incubated at 100uC for 60 min in acid 
medium containing 8.1% sodium dodecyl 
sulfate, 0.5 ml of acetic acid buffer (500 
mM, pH 3.4) and 0.6% TBA. TBARS 
levels were measured at 532 nm, and 
expressed as nmol TBARS/mg protein.  
Superoxide dismutase (SOD) enzyme 
activity was 
Manganese Superoxide Dismutase 
(MnSOD) Activity 
The MnSOD enzyme activity was 
determined in liver mitochondria 
according to the method proposed by 
Misra and Fridovich [39]. This method is 
based on the capacity of MnSOD in 
inhibiting autoxidation of adrenaline to 
adrenochrome. In brief, the supernatant 
fraction (100 ml) was added to a medium 
containing sodium bicarbonate–carbonate 
buffer (50 mM; pH 10.2) and adrenaline 
(0.4 mM). The kinetic analysis of MnSOD 
was started after adrenaline addition, and 
the color reaction was measured at 480 
nm. 
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Statistical analyses 
Results given are means (SE). To evaluate 
differences among the four groups studied, 
one-way ANOVA with Bonferroni post-
hoc test were used to compare endurance 
times at the end of the study and body 
weights both at the beginning and at the 
end of 8 weeks of treadmill training. 
Paired t-test was also used to compare the 
body weights before and after 8 weeks of 
training. To evaluate differences MDA, 
SOD among the groups studied two-way 
ANOVA with Scheffe post hoc test was 
used. Differences were considered 
statistically significant when P< 0.05. 
 
Results 
Body weight and endurance time 
Body weights among the four groups 
increased during the 8-week study period 
(Table 1). There were no significant 
differences in body weight among the four 
groups. (Table 1). Exhaustion time was 
significantly longer in ET-H group 
compared with ET-WD and Sed groups. 
The mean endurance time of treadmill 
running to exhaustion was 162 ±10 , 138 
±16 , 120±17, 112±14 min for group ET-H 
, ET-WD, Sed-H, Sed- WD respectively. 
There were significant differences in 
endurance time among the four groups. 
 
Table 1 Body weights of untrained and trained rats at the beginning and at the end of the 
study. The results are means (SE) 
Parameter Group Groups 
Sedentary (Sed) Exercise Trained (ET) 
subgroups Sed-DW Sed -H T -DW T-H 
N 12 12 12 12 
Body weight (g) 
at the beginning 
of the study 
237.6±20.6 243.4±13.6 240±16.6 233.3±21.2 
Body weight (g) 
at the end of 8 
weeks 
282.9±11.1
#
 284.4±12.3
#
 275.2±10.0
#
 269±13.6
# 
Sed, sedentary; ET, exercise trained, DW, distilled water, H, honey. 
#
P<0.001, paired t-test, difference in body weights before and after 8 weeks diﬀerence in 
body weights between (Sed) and (ET) groups before and after 8 weeks, 
*
P was ,< 0.05, one 
way ANOVA with Bonferroni post hoc test 
 
Malondialdehyde level 
Malondialdehyde results are presented in 
(Fig. 1). Erythrocyte MDA level was 
significantly increased after exhaustion in 
the Sed-DW-Exh, ET-DW-Exh groups but 
not in the Sed-H- Exh, ET-H- Exh groups 
animals compared with the corresponding 
sedentary rest(p<0.05).The Honey 
treatment significantly prevented the 
increases in Erythrocyte MDA levels in 
the Sed-H- Exh, ET-H- Exh groups 
induced by exhaustive exercise compared 
the Sed-DW-Exh, ET-DW-Exh  
groups animals(p<0.05). 
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Antioxidant enzymes 
The results of erythrocyte SOD enzyme activity in four groups are shown in Figure 2. SOD 
enzyme activity was significantly decreased in the Sed-DW-Exh, ET-DW-Exh than controls 
(Sed- Re, ET- Re) (p<0.05). Comparing the supplemented groups, Sed-H- Exh, ET-H- Exh 
groups had significantly increased SOD activities than their controls (Sed-H- Re, ET-H- Re) 
(p<0.05). Comparing the Sed-H- Exh, ET-H- Exh groups, SOD activity of the honey-
supplemented groups was significantly higher than Sed- Exh, ET- Exh groups (p<0.05). 
 
 
 
 
 
 
 
 
 
Discussion 
In this study, antioxidant enzymes 
activities and liver peroxidation were 
investigated following acute exercise of 
honey-supplemented and normal diet fed 
rats. The SOD activities of liver was 
significantly increased and decresed in 
Sed-H-Exh, ET-H-Exh and Sed-Dw-Exh, 
ET-Dw-Exh groups respectively compared 
with Pre strenuous exercise at rest in 
control groups after exhaustive exercise. 
As well as the liver peroxidation index 
significantly and no significant increased 
in Sed-Dw-Exh, ET-Dw-Exh and Sed-H- 
Exh, ET-H- Exh groups respectively 
compared with Pre strenuous exercise at 
rest in control groups after exhaustive 
exercise. At the end of 8 weeks, 
supplemented animals did not differ from 
non supplemented rats in body weights. 
Thus, supplementary honey had no 
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groups *P<0/05 Two-Way ANOVA with post hoc Scheffe test. 
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influence on growth rate of the rats. In this 
research, honey treated groups showed a 
significant increase endurance time of 
treadmill running to exhaustion compared 
with the control groups (P<0.05). The 
results showed that honey supplementation 
increased performance of exhaustive 
exercise in rats.  Oxidative stress 
induced by acute exercise can significantly 
elevate markers of lipid peroxidative 
damage because physical exercise 
promotes the production of ROS due to a 
substantial increase in oxygen 
consumption (Chen et al., 2002). The 
MDA, a metabolite of phospholipid 
peroxidation, is a popular index of first 
condition on living body oxidative damage 
(Lu et al., 2006). Elevated TBARS levels 
after the exhaustive protocol test indicate 
increased membrane lipid peroxidation in 
the liver (Korivi , et al.,  2012). On the 
same line, ROS interaction with enzymes 
and structural proteins may cause thiol 
oxidation and protein carbonyls 
introduction, affecting activity and 
function of such molecules ( Levine RL, et 
al., 2001,. Linton , et al., 2001) In 
the present study, the MDA concentration 
in liver was significantly increased in the 
Sed-Dw-Exh, ET-Dw-Exh groups which 
were exhausted after nearly 2 h of running 
as compared with Pre strenuous exercise at 
rest. This result agrees with Liu et al.2000 
, that reported an increase in liver TBARS 
levels of rats submitted to an acute 
exercise. Kinoshita et al., 2003  using 
animal models, was also able to 
demonstrate that rodents exercised at high  
intensities had an increase in hepatic cells 
damage, particularly in the centrilobular 
region, being that damage more relevant 
only some hours after the exercise .Other 
investigations performed with ultra 
marathon racers, cyclists as well as in 
athletes performing other kinds of 
strenuous exercise have also  been able to 
demonstrate increases in plasma 
biomarkers of hepatic lesion induced by 
exercise( Liu et al.2000 ). Collectively, 
these evidences clearly suggest that, at 
least more strenuous exercise is able to 
induce some liver damage. However there 
is limited information about how much is 
too much in terms of the exercise 
intensity/duration necessary to induce liver 
damage as well as the extent of this 
exercise- induced damage. The possible 
mechanisms underlying the exercise 
induced hepatic damage will now be 
addressed. There are several evidences in 
the literature suggesting that physical 
exercise can induce liver damage 
associated with oxidative stress , This fact 
can result from the inadequate deliver of 
oxygen induces an injury designated by 
hypoxic hepatitis (also called ischemic 
hepatitis or shock liver) (Perko , et al., 
1998) enzymatic activity of xanthine 
oxidase (XO) . Hyperthermia also seems to 
be associated with oxidative stress 
(McArdle , et al.,  2004 )  
The current study showed that 
MDA levels of liver was no significantly 
increase in the Sed-H-Exh, ET-H-Exh 
groups compared to Pre strenuous exercise 
at rest (P<0.05). As per the above findings, 
it is suggested that fortifying antioxidant 
defense mechanisms with 8 weeks 
treatment with honey supplementation 
results in reduced liver deterioration in 
relation to decreased oxidant stress after 
exhaustive running episodes.This result 
lends support to previous investigations 
that show honey, like other antioxidant 
agents, does protect against damage or 
injury. This protective effect of honey is 
partly mediated via amelioration of 
oxidative stress in liver .This finding is 
consistent with the results obtained 
by(Erejuwa et al., 2010; Erejuwa et al., 
2011;Blasa et al., 2007; Erejuwa et al., 
2011) reported that combination of honey 
with metformin or glibenclamide might 
offer additional antioxidant effect to these 
drugs. This might reduce oxidative stress-
mediated damage in diabetic kidneys. The 
animals were treated honey (1.0 g/kg) 
orally once daily for four weeks. Blasa et 
al., 2007 .who claimed that honey 
flavanoids are able to prevent the 
production of MDA.  
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The presence of phenolics in honey might 
have also contributed to the reduction of 
oxidative stress. This is so because 
phenolic content in honey was found to 
have antioxidant activity and ability to 
scavenge free radical activity (Kishore et 
al., 2011).The antioxidant activity of 
honey is generally attributed to its 
phenolic compounds and 
flavonoids(Beretta et al., 2007; Kishore et 
al., 2011).The main phenolic and 
flavonoid compounds in honey include 
ellagic acid, gallic acid, syringic acid, 
benzoic acid, cinnamic acid, ferulic acids, 
myricetin, chlorogenic acid, caffeic acid, 
hesperetin, coumaric acid, isoramnetin, 
chrysin, quercetin, galangin, luteolin and 
kaempferol (Eraslan et al., 2010; Petrus et 
al., 2011). While some of these bioactive 
compounds such as alangin, kaempferol, 
quercetin, isorhamnetin and luteolin are 
found in most honey samples, others such 
as hesperetin and naringenin are found in 
few honey varieties Petrus, K.; 2011. 
Gallic acid is one of phenolic compound in 
honey has been found to be the strongest 
free radical scavenger. It has aromatic 
rings with hydroxyl group in its molecular 
structure which can decrease or chelate the 
divalent ions that act as the catalyst 
towards lipid peroxidation process (Perez 
et al., 2006). Other researcher show that 
honey can amelioration of oxidative stress 
in tissues such as GIT, liver, kidney, 
pancreas, eye, plasma, red blood cells and 
reproductive organs(Gharzouli et al., 
2002;Al-Waili et al.,  2006; Mohamed et 
al., 2011; Zaid, et al., 2011; Erejuwa et al., 
2010; Kassim, et al., 2010).Furthermore, 
Astragalus sp/ Euphorbia cheriradenia- 
honey which is darker in colour contains 
higher amount of antioxidants because 
studies have revealed that honey with dark 
colour such as buckwheat and mixed-breed 
honey have higher antioxidative and 
scavenging activities against free radicals 
or active oxygen species (Nagai et al., 
2006; Khalil et al., 2011). On the other 
hand, honey phenolics are readily 
available and they are absorbed better 
through the gut barrier due to its presence 
in the aglyconic form produced by 
glycosidases present in the bee salivary 
glands (Gheldof et al., 2003). In contrast 
with other phenolics in foods or beverages 
such as tea which are present in glycosidic 
form that requires absorption by passive 
diffusion. Available evidence suggests that 
honey may ameliorate oxidative stress by 
scavenging both free radicals such as 
OONO¯,O
2.
¯ (Estevinho et al.,2008) and 
non-free radicals such as NO (Bilsel et 
al.,2002 ). Recently, show that honey 
ameliorates oxidative stress by up-
regulating Nrf2 moderately, an important 
intracellular transcription factor (Erejuwa 
et al.,2009 ). Evidence also suggests that 
honey may reduce inflammation as 
evidenced by the inhibition of NO and 
prostaglandin E(2) production (Bilsel et 
al.,2002). This is important because both 
oxidative stress and inflammation are 
interrelated (Peake et al.,2007). 
It is well known that SOD is 
regarded as the first line of defense by the 
antioxidant enzyme system against ROS 
generated during exhaustive exercise 
(Huang et al., 2009). The increase in SOD 
in liver would indicate an up-regulation of 
the defense mechanism to try to cope with 
an enhanced production of super oxide 
anion radicals. This in turn might help to 
down-regulate the production of lipid 
peroxides or oxidative stress (Lee et al., 
2009). In the present study, the acute 
exercise caused a significant decrease in 
liver SOD activity in Sed-Dw-Exh, ET- 
Dw-Exh groups compared to Pre strenuous 
exercise at rest in the control groups. 
Conflicting results were reported regarding 
liver SOD activitie after acute exercise. 
 Vesovic .,et al and Akova .,et al 
have determined that SOD activitie 
decreased in the erythrocytes after acute 
exercise (Vesovic et al., 2002 ;Akova et al 
et al., 2001). However, Duthie.,et al. found 
that SOD activitie did not change after 
acute exercise in the erythrocytes (Duthie 
et al., 1990). Regarding animal studies, 
(Gunduz, and Senturk, 2003) showed an 
increase in SOD activity in the 
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erythrocytes of the untrained rats after 
exhaustive exercise. However, (Oztasan et 
al., 2004)reported a decrease in 
erythrocyte SOD activity and an increase 
in erythrocyte GPx activity following 
acute exhaustive exercise in untrained rats. 
Clearly, these results are mixed and likely 
depend on the time of sampling, as well as 
the duration and intensity of exercise, 
which has varied considerably across 
studies. On the other hand, acute 
exhaustive exercise increased the liver 
SOD activity in trained rats in Sed-H- Exh, 
ET-H- Exh groups, which suggested that 
honey supplementation was able to up-
regulate antioxidant enzymes to protect 
against oxidative stress-induced injury 
during exercise. Antioxidant nutritional 
supplementation improves antioxidant 
defense of the erythrocytes (Senturk et al., 
2001; Peng et al., 2000). An increase in 
SOD activity in Sed-H- Exh, ET-H- Exh 
groups confirmed previous knowledge 
,houny supplementation prevent the 
decrease in SOD activity after acute 
exercise. The ability of honey to modulate 
antioxidant enzymes activities were 
supported by other studies (Erejuwa et al., 
2010; Petruset et al., 2011; Yao et al., 
2011; Erejuwa et al., 2010; Erejuwa et al 
.;2012; Mohamed et al., 2011).These 
studies show that honey supplementation 
significantly restored the activities of SOD 
in different tissues, organs, body fluids or 
compartments. These include liver and 
erythrocytes (Yao et al., 2011), hepatic( 
Petrus et al., 2011), pancreas(Erejuwa et 
al., 2010) kidney( Erejuwa et al .;2012) 
testis (Mohamed et al., 2011). 
Conclusion 
In conclusion, this study is to directly 
verify the effect of flavonoids from honey 
against oxidative stress induced by 
exhaustive exercise. The experiment 
results indicated that honey 
supplementation increased performance of 
exhaustive exercise, reduced lipid per-
oxidation, and up-regulated antioxidant 
enzymes to protect against oxidative 
stress-induced injury during exercise. 
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